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Small-interfering RNAs regulate gene expression by affecting chromatin structure, 
transcription, translation, and RNA stability. In a recent report in Genes & Development, 
El-Shami et al. (2007) show that in plants, Argonaute 4—which is involved in RNA-directed 
DNA methylation—directly associates with RNA polymerase IVb through a repeat motif, 
establishing an intimate molecular link between RNAi and transcription.RNA interference (RNAi) pathways 
are emerging as crucial regulators 
of gene expression at the posttran-
scriptional level. Small RNAs can 
also feed back to the nucleus and 
induce the silencing of gene expres-
sion both at the levels of chromatin 
structure and transcription. Argo-
naute (Ago) proteins are central 
components to these diverse tran-
scriptional and posttranscriptional 
regulatory pathways. These proteins 
bind to small-interfering (si)RNA mol-
ecules and use the sequence of the 
siRNAs to guide them to target RNAs. 
Target RNAs include cytoplasmic 
mRNAs that are silenced by transla-
tional repression or degradation and 
nuclear RNAs such as those that are 
transcribed from centromeric DNA 
repeats. A good example of how 
nuclear RNAs are processed by the 
RNAi machinery occurs in the fission 
yeast Schizosaccharomyces pombe. 
In this organism, the Ago1 subunit of 
RNA-induced initiation of transcrip-tional silencing complexes (RITS) 
recognizes centromeric transcripts 
using siRNA guides and is required 
for the formation and maintenance 
of centromeric heterochromatin, as 
well as for transcriptional repression 
near the centromere. Similarly in 
plants, RNAi-guided Ago pathways 
are required for gene silencing and 
for genomic stability, participating 
in DNA methylation that represses 
parts of the genome including ret-
rotransposons and rDNA repeats.
Repetitive DNA sequences in the 
model plant Arabidopsis thaliana are 
silenced by small RNAs through RNA-
directed DNA methylation, which is 
characterized by the generation of 
24-nucleotide siRNAs and hetero-
chromatin formation. Several stud-
ies implicate DICER-like 3 (DCL3), 
RNA-dependent RNA polymerase 2 
(RDR2), Argonaute 4 (AGO4), and the 
plant-specific RNA polymerase IV (Pol 
IV) in RNA-directed DNA methylation 
(Herr et al., 2005; Kanno et al., 2005). Cell 131, NoveUnlike other RNA polymerases, Pol 
IV exists as a Pol IVa or IVb complex, 
which differ in the largest subunits 
NRPD1a or NRPD1b, respectively. 
Pol IVa/DCL3 and RDR2 are thought 
to play a role in siRNA biogenesis, 
whereas Pol IVb/AGO4 are thought 
to act downstream of Pol IVa/DCL3 
and trigger DNA methylation (Li et 
al., 2006; Pontes et al., 2006). Now, 
reporting in Genes & Development, 
El-Shami et al. (2007) identify a con-
served peptide motif in NRPD1b that 
directly binds to Argonaute 4 (AGO4). 
Their study shows that this physical 
interaction between RNA Pol IV and 
AGO4 is necessary for RNAi-guided 
DNA methylation in vivo. Plants thus 
have evolved an elegant mechanism 
that directly couples an RNA poly-
merase to a key component of the 
RNAi pathway.
To investigate the molecular 
basis for the functional differences 
between Pol IVa and IVb, El-Shami et 
al. examined the protein sequences mber 16, 2007 ©2007 Elsevier Inc. 643
figure 1. How Ago Proteins Get Hooked
An evolutionarily conserved GW linear peptide motif shared by different proteins is used as an “Ago hook” to mediate functional interactions with 
Argonaute (Ago) proteins in distinct RNAi gene silencing pathways. In plants, the largest subunit NRPD1b of the plant-specific RNA polymerase IVb, 
which is reported to localize to the nucleolus, directly interacts with AGO4 through a GW-rich repeat domain (El-Shami et al., 2007) and is required 
for in vivo DNA methylation of retroelements. In fission yeast, similar repeats in the nuclear protein Tas3—a component of the RITS complex—
mediate its interaction with Ago1, which is necessary to establish heterochromatin at centromeric loci (Partridge et al., 2007; Till et al., 2007). GW 
repeats were first identified in the metazoan GW182 protein—a component of cytoplasmic P bodies (Eulalio et al., 2007)—which is thought to recruit 
Ago proteins to sites of posttranscriptional gene silencing.of the two variable subunits NRPD1a 
and NRPD1b. In RNA Pol II, the C-ter-
minal domain (CTD) is composed of 
a heptapeptide repeat that is regu-
lated by phosphorylation. Interest-
ingly, the CTD domains of NRPD1a 
and NRPD1b are different from each 
other and from that of RNA Pol II; in 
addition, there is known to be a spe-
cific interaction between the CTDs of 
NRPD1b and AGO4 (Li et al., 2006). 
Notably, the CTD of NRPD1b con-
tains a repeat peptide motif with a 
signature sequence of repeat Gly-
Trp (GW) or Trp-Gly (WG) residues 
that is not found in the NRPD1a iso-
form. El-Shami et al. tested the role 
of the NRPD1b-specific repeats for 
their interactions with AGO4. Using 
biochemical assays, they show that 
a core of WG/GW repeats within 
the CTD is both necessary and suf-
ficient for AGO4 interaction. In fact, 
in an Arabidopsis nrpd1b mutant that 
lacks DNA methylation, expression 
of full-length NRPD1b restored DNA 
methylation, whereas an NRPD1b 
truncation mutant lacking repeat GW 
motifs failed to rescue the silencing 
defect. The unusual GW motifs in the 
CTD of NRPD1b thus couple RNA 
Pol IVb to AGO4 and are required for 
the later stages of this RNAi-directed 
DNA-methylation pathway.
Strikingly, GW repeats similar to 
those in NRPD1b are also found in 
other RNAi pathway components 
(Figure 1) including the metazoan 644 Cell 131, November 16, 2007 ©2007protein GW182, a component of 
RNA-processing bodies (P bodies) 
located in the cytoplasm (Eulalio et 
al., 2007). GW182 binds to select 
Ago proteins and contributes to their 
distinct cytoplasmic localization and 
function. In S. pombe, a subunit of 
the nuclear RITS complex called 
Tas3 also contains GW repeats that 
directly recruit Ago1 and mediate 
transcriptional gene silencing at cen-
tromeres and mating loci. To test the 
importance of this conserved GW 
sequence motif, El-Shami et al. engi-
neered an NRPD1b variant in which 
its GW-repeat region is swapped with 
the related region of human GW182. 
The chimeric protein binds to AGO4 
in vitro and is able to restore most 
of its DNA-methylation activity. This 
suggests that a molecular feature 
inherent in the core of GW motifs, 
such as the Trp side chain, may be 
important for the coupling of RNA 
Pol IVb to AGO4. In fact, El-Shami et 
al. find that mutation of a Trp residue 
in the GW motif to Phe or Ala strongly 
reduces interaction with AGO4. The 
GW motif is thus an evolutionarily 
shared protein motif that captures 
and recruits Ago proteins to distinct 
silencing effector complexes.
The new work nicely extends 
recent insights into the role of these 
repeat linear GW motifs for bind-
ing to Ago proteins. Several reports 
now show that these repeat motifs 
can function as “Ago hooks” to  Elsevier Inc.recruit Ago proteins to different cel-
lular compartments in a variety of 
distinct RNAi silencing pathways 
(Behm-Ansmant et al., 2006; Par-
tridge et al., 2007; Till et al., 2007). 
The Ago hook motif is clearly evo-
lutionarily conserved, yet there are 
not many residues in these repeats 
that are conserved beyond the defin-
ing GW/WG core pattern. Also, the 
exact number of these repeats dif-
fers between highly related proteins, 
such as the NRPD1b orthologs in 
different plants, or even within para-
logs, such as human GW182 and the 
related TNRC6B protein. Although 
one or two of these repeats are suf-
ficient for functional Ago interac-
tions in S. pombe (Partridge et al., 
2007; Till et al., 2007), in some pro-
teins, such as the GW182 protein 
of P bodies, these unusual motifs 
are repeated up to ~20 to 40 times. 
Future work will address whether 
the type and number of repeats alter 
the biological functions that the Ago 
hooks can mediate. It is tempting to 
speculate that the large number of 
repeats in GW182, for example, may 
allow the protein to capture several 
Ago proteins at once (and hence 
many miRNA/mRNA molecules) and 
sequester them in cytoplasmic P 
bodies. Structural information that 
provides insight into where Ago 
hooks bind to Ago proteins will surely 
help to improve our molecular under-
standing of these repeat motifs.
In the case of the Ago hook in 
NRPD1b, how does an RNA poly-
merase-associated AGO4 protein 
affect transcription, transcript rec-
ognition, and siRNA-guided DNA 
methylation? Recent evidence sug-
gests that NRPD1b may generate 
Pol IVb transcripts primed by an 
siRNA and may be involved in the 
siRNA-mediated targeting of het-
erochromatin (Pontes et al., 2006). 
It is not clear how AGO4 modulates 
the functions of NRPD1b relative to 
those of NRPD1a, which may pos-
sess genuine DNA- or RNA-depen-
dent RNA polymerase activity. The 
Tas3 Ago hook is necessary for the 
establishment rather than mainte-
nance of Ago1-mediated centro-
meric silencing (Partridge et al., 
2007). Moreover, it is possible that 
Ago hooks have important functions 
beyond recruitment (Buhler et al., 
2006). In support of this hypothesis, 
Ago hooks bind to the PIWI domain 
of Ago proteins (Behm-Ansmant et 
al., 2006; Till et al., 2007), a func-
tionally critical domain that harbors 
siRNA-mediated “slicer” activity 
and recognizes the “seed” region 
in miRNAs. In fact, site-directed Gene expression in eukaryotes requires 
the removal of noncoding intervening 
intron sequences by the spliceosome 
to form the mature mRNA. There are 
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There are two molecular mach
the minor spliceosome. In this
splicing pathways are spatiallymutagenesis of human Ago2 PIWI 
domains and competition assays 
suggest that Ago hooks are revers-
ibly bound by the same surface that 
normally recognizes the 5′ end of 
guide siRNAs or miRNAs (Till et al., 
2007). Consistent with binding to 
this critical region in PIWI domains, 
Ago hook peptides relieve trans-
lational repression mediated by an 
miRNA in Drosophila extracts. It is 
therefore possible that the unusual 
CTD of NRPD1b not only mediates 
recruitment of AGO4 to the poly-
merase but also helps to regulate 
AGO4 function, for example by 
binding to it in a reversible man-
ner, perhaps switching its ability to 
“slice” an RNA target into a hom-
ing function for DNA target regions. 
The El-Shami et al. study clearly 
shows that in plants RNA Pol IVb 
complexes use an Ago hook for 
AGO4-dependent DNA methylation 
in vivo. Future work will address 
how the fine-tuning of the dynamic 
interactions between AGO4 and 
Pol IVb determines the specialized 
transcription and RNAi processes 
that are required to silence the plant 
genome.Cell 131, Nov
two distinct spliceosome complexes. 
The major spliceosome comprises five 
small nuclear ribonucleoprotein parti-
cles (snRNPs), U1, U2, U4, U5, and U6, 
or:  
 in the cytopla
D 20892, USA
c.uk (J.F.C.), mistelit@mail.nih.gov (T.M.)
ineries for pre-mRNA splicing
 issue of Cell, König et al. (20
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and a multitude of non-snRNP splicing 
factors (Jurica and Moore, 2003). More 
recently, a structurally and function-
ally analogous second spliceosome 
sm
—the major spliceosome and 
07) demonstrate that the two 
 have distinct functions.
